Fabibacter misakiensis sp. nov., a marine bacterium isolated from coastal surface water A slightly curved-rod-shaped, pink-pigmented, Gram-stain-negative, aerobic bacterial strain with gliding motility, designated SK-8 T , was isolated from coastal surface water of Misaki, Japan. Phylogenetic trees generated using 16S rRNA gene sequences revealed that strain SK-8 T belonged to the genus Fabibacter and showed 96.0 % sequence similarity to the type strain of the most closely related species, Fabibacter pacificus DY53 T . The novel isolate was phenotypically and physiologically different from previously described strains. The major cellular fatty acids were iso-C 15 : 1 G, iso-C 15 : 0 and iso-C 17 : 0 3-OH. Major polar lipids were phosphatidylethanolamine, two aminophospholipids and an unidentified phospholipid. The DNA G+C content was 39.1 mol% and MK-7 was the only predominant isoprenoid quinone. On the basis of this taxonomic study employing a polyphasic approach, it was suggested that strain SK-8 T represents a novel species of the genus Fabibacter, with the newly proposed name Fabibacter misakiensis sp. nov. The type strain is SK-8 T (5NBRC 110216 T 5KCTC 32969 T ).
The family Flammeovirgaceae in the order Cytophagales was proposed by Yoon et al. (2011) and is made up of 19 different genera that were isolated mainly from soil and marine environments. The genus Fabibacter, a member of the family Flammeovirgaceae, was first proposed by Lau et al. (2006) . At the time of writing, the genus Fabibacter comprises two species with validly published names. Fabibacter halotolerans UST030701-097 T , the type strain of the type species of the genus, was isolated from a marine sponge in the Bahamas (Lau et al., 2006) while Fabibacter pacificus DY53 T , a slightly halophilic strain, was isolated from a deep-sea water sample of the Pacific Ocean (Huo et al., 2013) . In this study, a novel bacterial strain assigned as SK-8 T was isolated from coastal surface seawater of Misaki, Japan and the taxonomic position was investigated using a polyphasic approach.
Surface water was collected from a depth of 20 cm near the pier of Misaki Marine Biological Station, University of Tokyo (358 09.59 N 1398 36 .59 E), Aburatsubo Inlet, Misaki, Kanagawa Prefecture, Japan. Aliquots (100 ml) of seawater were plated onto 1/10-strength ZoBell agar medium [0.5 g peptone, 0.1 g yeast extract, 15 g agar in 1 l of 80 % aged natural seawater (80 % seawater+20 % water, aged for at least one year)] and incubated at 20 8C for 4 days. Routine cultivation for subsequent characterizations were performed on half-strength marine agar 2216 (Difco) supplemented with 1.0 % NaCl (w/v) at 25 8C, hereby known as 1/2 MA. The isolate was maintained at 280 8C as a suspension in half-strength marine broth 2216 (Difco) supplemented with 1.0 % NaCl (w/v), containing glycerol (20 %, w/v). Cell morphology was examined according to Børsheim et al. (1990) . After staining for 30 s with 2 % uranyl acetate, grids were examined at 675 000 magnification at an acceleration voltage of 80 kV using a JEM-1400EX transmission electron microscope (JEOL); at least 50 fields were selected for examination. Gliding motility was observed under light microscopy (BX60; Olympus). Gram staining was performed according to instructions provided in the Gram Stain kit (BD). Temperature (4 8C, 10-30 8C at 5 8C intervals, 37 8C and 45 8C) and salt tolerance were determined using 1/2 MA with different concentrations of NaCl (0-1 % at 0.05 % intervals, 1-8 % at 1 % intervals and 10-15 % at 5 % intervals, w/v) and adjusted to pH 7.5 using 1 M NaOH. The pH tolerance range (pH 5-12 at 1 pH unit intervals; adjusted to different pH values with 1 M HCl or 1 M NaOH) was tested on cells incubated on 1/2 MA at 25 8C for 4 days. Growth under anaerobic conditions was determined after incubation with AnaeroPack (Mitsubishi Gas Chemical Co.) on 1/2 MA for 4 weeks. Tests for degradation of DNA [using DNase agar (Oxoid) and flooding the plates with 1M HCl], starch (Atlas, 1993) , chitin (Sakazaki et al., 1995) and CM-cellulose (Bowman, 2000) were performed and evaluated after 10 days. The presence of flexirubin-type pigments was tested using 20 % (w/v) KOH solution. Catalase activity was determined from bubble formation in 3 % hydrogen peroxide solution. Oxidase activity was tested using cytochrome oxidase paper (Nissui Pharmaceutical). For API series tests and fatty acid analysis, strain SK-8 T was compared to the reference strains F. halotolerans JCM 13334 T and F. pacificus JCM 18885 T purchased from the Japan Collection of Microorganisms (JCM) culture collection. Biochemical properties of strain SK-8 T and the two reference strains were determined using API ZYM, API 20E, API 20NE and API 50CH strips (bioMérieux). All suspension media in API test strips were supplemented with 2 % (w/ v) NaCl (final concentration). API 20E, API 20NE and API 50CH strips were incubated at 25 8C and read after 5 days and API ZYM strips were read after 2 days.
For fatty acids analysis, cells of strain SK-8 T and the reference strains were grown for 5 days at 25 8C on 1/2 MA. Fatty acid methyl esters were prepared according to the standard protocol of the Microbial Identification System (MIS; MIDI) and identified using Microbial Identification (MIDI) (Sasser, 1990) with the TSBA database version 6.10. Isoprenoid quinones were extracted with chloroform/ methanol (2 : 1, v/v) and purified using TLC on Kieselgel 60 F 254 plates (20620 cm, 0.5 mm thick; Merck) with petroleum ether/diethyl ether (9 : 1, v/v) as the solvent. Quinones were identified using reversed-phase HPLC as described by Shin et al. (1996) . Polar lipids were identified using two-dimensional TLC and identified according to previously published procedures (Minnikin et al., 1977) . The spots for polar lipids were identified by spraying with 10 % phosphomolybdic acid in ethanol (Sigma P4869), a-naphthol and ninhydrin.
The 16S rRNA gene of strain SK-8 T was amplified using the universal primer set 27F/ 1492R (Lane, 1991) and sequenced using an ABI 3130xl DNA sequencer. The sequence obtained (1419 bp) was subjected to BLAST in GenBank and EzTaxon-e databases, and sequences of related type strains were obtained. Multiple alignments of sequences were performed using the CLUSTAL W option in MEGA 5.0 software (Tamura et al., 2011) . Phylogenetic and molecular evolutionary analyses were also conducted with MEGA 5.0 software using evolutionary distances calculated from Kimura's two-parameter model (Kimura, 1983) and clustered using neighbour-joining (NJ; Saitou & Nei, 1987) , maximum-likelihood (ML; Felsenstein, 1981) and maximum-parsimony (MP; Fitch, 1971 ) methods. The robustness of the phylogenetic tree was assessed through bootstrap resampling values of 1000 replicates (Felsenstein, 1985) . Pairwise sequence similarities were calculated using EzTaxon-e (Kim et al., 2012) . For the measurement of genomic DNA G+C content, genomic DNA was extracted and purified using a Blood & Cell Culture DNA Midi kit (Qiagen), and degraded enzymically into nucleosides. The genomic DNA G+C content of the deoxyribonucleosides was determined by reverse-phase HPLC (Tamaoka & Komagata, 1984) .
The 16S rRNA gene sequence of strain SK-8 T showed highest similarity to Fabibacter pacificus DY53 T (96.0 %) and Fabibacter halotolerans UST030701-097 T (95.6 %). Phylogenetic trees obtained by the NJ, MP and ML methods revealed clear affiliations between the novel isolate SK-8 T and the cluster composed of the species F. pacificus and F. halotolerans, at bootstrap confidence levels of 99 % (NJ), 97 % (ML) and 98 % (MP) (Fig. 1) .
Cultural, physiological and biochemical characteristics of strain SK-8 T were compared with related species, F. pacificus and F. halotolerans (Table 1) . Cells of strain SK-8 T were curved rods ranging from 2.4-3.5 mm in length (Fig. S1 , available in the online Supplementary material). The pH tolerance range for strain SK-8 T (optimum pH 7.0-9.0) was almost similar to the reference strains from the genus Fabibacter. However, strain SK-8 T had lower salt (1-5 % NaCl) and lower temperature (10-30 8C) tolerance ranges. Another differential feature of the novel strain from the reference strains was its inability to hydrolyse starch. Strain SK-8 T and the two reference strains were positive for catalase, oxidase, leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphate, naphthol-AS-BIphosphohydrolase, b-glucosidase and b-galactosidase but the enzyme activity for alkaline phosphate, esterase lipase (C8), lipase (C14), a-galactosidase and N-acetyl-b-glucosaminidase were different among the three strains. Mannitol and gluconate assimilation were positive only for strain SK-8 T . The DNA G+C content of strain SK-8 T was 39.1 mol%. The major fatty acids were iso-C 15 : 1 G (47.6 %), iso-C 15 : 0 (18.1 %) and iso-C 17 : 0 3-OH (9.8 %) ( Table 2 ). The major fatty acids of strain SK-8 T , F. halotolerans JCM 13334 T and F. pacificus JCM 18885 T were similar but the absence of summed feature 3 (comprising C 16 : 1 v6c and/or C 16 : 1 v7c) and the higher portion of iso-C 15 : 1 G distinguished strain SK-8 T from the two reference strains. The polar lipids of strain SK-8 T comprised phosphatidylethanolamine, two aminophospholipids and an unidentified phospholipid (Fig. S2 ).
Similarities and differences in phylogenetic, chemotaxonomic and phenotypic evidences mentioned above suggested that strain SK-8 T belongs to the genus Fabibacter but can be differentiated from other members within the same genus. It is concluded that strain SK-8 T represents a novel species of the genus Fabibacter with the newly proposed name Fabibacter misakiensis sp. nov. Fabibacter misakiensis (mi.sa.ki9en.sis N.L. masc. adj. misakiensis pertaining to Misaki, the city of which the type strain was isolated).
Colonies grown on 1/2 MA for 4 days are circular, shiny with entire edges and pink-pigmented. Cells are curvedrod-shaped, 1.12 + 0.13 mm in length and 0.39 + 0.05 mm wide. Strictly aerobic, Gram-stain-negative, and lacking flagella but has gliding motility. Flexirubin-type pigments are absent. The temperature range for growth is 10-30 uC. Requires 1.0-5.0 % NaCl and pH 6-10 for growth. Does not reduce nitrite or nitrate, nor produce acetoin or indole. Catalase-and oxidase-positive. DNA and aesculin are hydrolysed but starch, chitin, gelatin and urea are not. In API ZYM tests, leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-glucosidase and b-galactosidase activities are positive but alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), a-galactosidase, N-acetyl-b-glucosaminidase, a-glucosidase, a-mannosidase, a-fucosidase and b-glucuronidase activities are negative. Acid is produced from glucose, sorbose, methyl a-D-glucoside, amygdalin, arbutin, aesculin, salicin, cellobiose, maltose, sucrose, trehalose, glycogen, gentiobiose and turanose in API 50CH tests. Assimilates gluconate and mannitol in API 20NE tests. The only major menaquinone is MK-7. The polar lipids are phosphatidylethanolamine, two aminophospholipids and an unidentified phospholipid.
The type strain is SK-8 T (5NBRC 110216 T 5KCTC 32969 T ), which was isolated from the surface water (20 cm depth) of Aburatsubo Inlet in Misaki, Kanagawa Prefecture, Japan. The genomic DNA G+C content of the type strain is 39.1 mol%. NaCl range for growth (%) 1-5 0-12 a 0.5-15 b pH range for growth (optimum) 6-10 (7-9) 5-10 (ND) a 6.5-8.5 (7.5) b Temperature range for growth (optimum) (8C) 10-30 (20-25) 
